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In a recent PRL Salih et al. [T] presented a quantum 
communication protocol that allows one to communicate 
without any particle carrying the information from the 
sender to the receiver. At first sight, this is quite intrigu- 
ing, as there is no telepathy, isn't it? Their setup involves 
a large number of nested interferometers and their claim 
is mathematically correct in the limit of infinitely many 
interferometers. However, the essential point I like to 
make can already be seen with only two nested interfer- 
ometer, see Fig.l. 

Alice, on the left, starts by sending a single photon into 
the left input port of her interferometer, the two other 
input ports have zero photons. Hence, the initial state 
is 1 1, 0, 0) . After the first beam splitter the state reads 
cos(0i)|l,O, 0) + isin(#i)|0, 1,0), where 9\ characterizes 
the coupling ration in this first beam splitter (BS1). The 
second beam splitter (BS2) is a 50-50% one, after this 
second beam splitter one has: 
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Bob, on the right hand side, is the emitter (here the 
communication goes from right to left, as in arabic writ- 
ing). In order to send the bit value 6 = 0, he blocks his 
optical line, while to send 6 = 1 he does nothing. For 
the clarity of exposition we add a central player, named 
Charlie, as indicated in Fig. 1. Charlie corresponds to 
the "Inner cycle" in figure 1 of [T]. Let us compute the 
evolution in both cases, 6 = and 6=1 (the third beam- 
splitter (BS3) in again 50-50%, 2 parameterizes the last 
beam splitter (BS4) coupling ratio and the third mode 
is ignored as it doesn't reach Alice's receivers, hence the 
states below are not normalized). 

If b = 0, the final state reads: 



(cos(9 1 )cos{9 2 )-^sm{e 1 )sm(9 2 ))\l,0) + 
i(cos{9 1 )sm(9 2 ) + ]- sin(0i) cos(0 2 )) |0, 1) 
lib = 1, the final state reads: 
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cos(6>i) cos(0 2 )|l, 0) + i cos(0i) sin(0 2 )|O, 1) (3) 

It is not difficult to find values of the coupling param- 
eters 0i and 9 2 such that the probability that Alice's and 
Bob's bits are identical is larger than one half: P(a — 
0|6 = 0) = P(a = l\b = 1) > 1 (e.g. 0i = 0.25 and 2 

such that cos(0 2 ) 2 = sin(9l) 2_4 COS 4 ( C e °) ( s .^ l)+8cos(9l) . ).^ In 
such a case there is communication from Bob to Alice, 
though the amount of communication is less than one bit 
(Alice's detector may not register any photon or her re- 
sult may be wrong) . In [Tj it is shown that in the limit of 
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infinitely many nested interferometers these limitations 
can be avoided such that Bob can communicate an en- 
tire bit in each run. Note though that, in the limit, each 
run takes infinite time; anyway, the amount of commu- 
nication can be increased arbitrarily close to one bit. 

Now, the surprising point made by Salih et al. is that 
when 6 = 0, Bob blocks his optical line and thus no pho- 
ton propagated from Bob to Charlie, while when 6=1 
the interference on the third beam-splitter is such that no 
photon propagates from Charlie to Alice. Consequently, 
there is communication from Bob to Alice without the 
photon ever propagating from Bob, the emitter, to Alice, 
the receiver! 

Should one be shocked? 

A first observation is that this the above scheme only 
involves linear optics (besides blocking Bob's optical 
mode). Hence, instead of one single-photon, Alice may 
as well send into her left input port a bright classical 
light pulse. Each photon of this classical pulse follows 
the same evolution as computed above. Hence, Alice can 
receive a full bit of information from Bob by merely us- 
ing two classical (linear) detectors and reading her bit off 
the detector registering the largest signal. We have now 
a relatively simple communication channel from Bob to 
Alice allowing them to communicate one bit per use of 
the channel. Moreover, when Bob blocks, i.e. 6 = 0, then 
no photon propagates from Bob to Charlie and when Bob 
leave his optical mode open, i.e. 6=1, then no photon 
propagates from Charlie to Alice. 

But now everything is classical (and could equally be 
realized with water waves). So what is the catch? 



Consider the following communication protocol 
sketched in Fig. 2. First, Alice sends two (classical) 
billiard balls to Charlie, a red and a blue one. Next, 
Charlie sends the blue ball to Bob. If Bob likes to 
transmit 6 — 0, he keeps the blue ball; if he chooses 
6 = 1, he sends the blue ball back to Charlie. Thirdly, if 
Charlie doesn't receive the blue ball, he sends back the 
red ball to Alice; but if he receives the blue ball, then 
he keeps the red one. In this way, if Alice receives no 
ball, she knows that 6 = 1, while if she receives the red 
ball, she knows 6 = 0. This is a perfect communication 
channel, not difficult to implement, despite the fact that 
there is no ball that goes from Bob, the emitter, to 
Alice, the receiver. 

The above protocol is actually quite close to standard 
classical optical communication. Indeed, in the simplest 
version of classical optical communication, the emitter 
sends either a bright light pulse (6 = 1) or "nothing", i.e. 
an empty pulse, (6 = 0). Hence, in this traditional com- 
munication protocol, in half the cases "nothing" carries 
the communicated bit. This protocol can be adapted to 
mimic our protocol above. First, let the emitter, Bob, en- 
code his bits with full and empty pulses that he sends to 



Charlie. Next, Charlie reads the bits, flips them all and 
encodes the flipped bit in empty and full pulses that he 
sends to Alice. Alice decodes the pulses with the conven- 
tion a — whenever the pulse is full and a — 1 whenever 
the pulse is empty. In this way Alice gets all of Bob's bits 
correctly, with unit probability, despite that, for each bit, 
no photon travels all the way from Bob to Alice. 

The lesson from this is not new: vacuum is not noth- 
ing. To communicate the emitter and receiver must be 
connected by a channel. In the case of optical communi- 
cation, whether quantum or classical, this channel is an 
optical mode. The information carrier are quantum or 
classical states of this optical mode, including possibly 
the vacuum (empty pulse). 
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